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ABSTRACT 



A method and apparatus is disclosed for cooling a substrate 
between high temperature thermal processing steps. In the 
disclosed embodiment, one or more cooling stations are 
located off-line within a wafer handling chamber, just out- 
side the thermal processing chamber. After thermal 
processing, a hot wafer can be loaded on to the cooling 
station, where the wafer is subjected to forced convection 
cooling. In particular, the wafer is subjected to cooling gas 
from above and below through perforated upper and lower 
shower head assemblies. The wafer can thus be cooled 
rapidly on a cooling station while other wafers are trans- 
ferred into and out of the processing chamber. Desirably, the 
wafer is cooled on the cooling station to a point at which it 
can be handled by a low temperature wafer handler and 
stored in a low temperature cassette. 

14 Claims, 9 Drawing Sheets 
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SUBSTRATE COOLING SYSTEM AND a temperature that will allow the use of low cost commonly 

METHOD available cassettes. 

RELATED APPLICATIONS SUMMARY OF THE INVENTION 

Pursuant to 35 U.S.C. §119(e), this application xlaims ; the 5 ^ accordanc6 with the mvention7 a substitute or cooling 

STi 1? Fog?* appllCatl0n Ser - N °- 60/ ° 52, station is provided in a wafer handling chamber located 

263, filed Jul. 11, 1997. between a wafer input/output storage area and a wafer 

FIELD OF THE INVENTION process chamber. The cooling station is located so that the 

. . . t , , ,, . c wafer handling device may be utilized while a wafer is 

This invention relates to an apparatus and a method for 10 c ^ from g fato a ss 

cooling a wafer-hke substrate in a subs rate treating system. & * w ^ fle 

More particularly, the invention relates to cooling of a wafcf fc ^ rocessed 

substrate by convection in a location not in the direct path of wa er 1S emg pro ' 

the treating system. In a preferred form of the apparatus and method, a 

~ ' 1S processed wafer is withdrawn from the process chamber at 

BACKGROUND OF THE INVENTION a hign temperature and placed by the wafer handler into a 

Semiconductor wafers or other such substrates are sub- cooling station where it is sprayed by gas which is compat- 

jected to very high processing temperatures. For example, in ible with the gases being utilized in the wafer handling 

chemical vapor deposition (CVD), the temperatures chamber. Preferably, the gas is sprayed onto both flat sur- 

approach 1200° C. In a typical cycle, a wafer is transferred 20 faces of the wafer by an upper showerhead and by a lower 

from a room temperature cassette by a robotic wafer handler showerhead. While that wafer is being cooled, the wafer 

into a reactor chamber where it is subjected to the high handler is operated to transport a second wafer into the 

temperature processing and is then transferred by the wafer process chamber. 

handler from the high temperature chamber back to the same It is desirable that a second cooling station be provided on 

cassette or a separate cassette for processed wafers. Because 2 s the opposite side of the wafer handling chamber from the 

of the high temperature CVD processing, transport from the first one so that a second wafer may be moved from the 

process chamber directly to a wafer cassette is not possible wafer storage area into the second cooling station. Thus, as 

due to the temperature of the wafer exceeding the material soon as the first wafer is transferred from the process 

properties of most commonly used cassette materials. chamber into the first cooling station, the wafer handler may 

Because of this, the transfer of the wafer to a cassette must 30 move directly to the second cooling station and move that 

be postponed until the wafer temperature falls below the second wafer into the process chamber. In such an 

thermal properties of the cassette material. While cassettes arrangement, the second cooling station is, in effect, serving 

are available that can handle wafers as hot as 170° C, they as a staging area so that the time for moving the second 

are relatively expensive. A commonly available less expen- wafer into the process chamber is reduced from what it 

sive one made of Delrin® can only handle temperatures well 35 would be if the wafer handler had to move the second wafer 

below 100° C. Other commonly available units can only from the wafer storage area into the process chamber, 

handle about 60° C. Hence, it is a desirable goal that the Alternatively, if it is necessary to have a wafer cooling in 

temperature of a wafer be quickly cooled to that level. each station at the same time, a wafer may be transported 

Because the wafer handling and processing occurs in an directly from the storage area to the process chamber. 



enclosed and carefully controlled environment, there are 40 In a preferred form of the invention, the wafer handler 

essentially only three locations or points during the cycle includes a Bernoulli wand which is particularly well adapted 

where the cooling of the wafer might occur. The wafer could f or moving a wafer into and out of a process chamber, and 

be cooled on the susceptor on which it is supported in the further includes a paddle, particularly well adapted for 

process chamber, on the wafer handling device, or off-line at moving a wafer into and out of a common cassette for 

some location within the apparatus. Cooling the wafer on the 45 wafers. It is advantageous to be able to use the high 

susceptor is not cost-effective because the process chamber temperature wand because it does not touch the upper 

is then unavailable for processing another wafer, thereby surface of the wafer and it cools as it carries. Further, using 

reducing the system wafer throughput. This approach is the paddle for transporting a wafer between the cassette and 

particularly unattractive because it is then necessary to incur the cooling station is desirable because it fits between wafers 

the delay and cost of reheating the chamber. Removing a 50 in a standard cassette. 

wafer while it is hot and cooling it on the wafer handling AnQther advantage of the system of propelling gas against 

device is better, but also not cost effective because the delay ^ surfaces of a wafcr in a CQoling station % that tne rate o{ 

in loading the next wafer slated for processing compromises cooling may be easily controlled by the rate at which the 

throughput. Such impediments increase the per-wafer cost, cooling gas is pro j ected ont0 the wafer . ThuS; me flow rate 

making these approaches financially unattractive to end 55 can be ad j uste d to minimize the overall cycle time. The 

users. Because of the high cost of semiconductor wafer overa]1 system provides a significant reduction in the wafer 

processing equipment, it is, of course, critically important pr0C essing time and, consequently, reduces the cost per 

from a competitive standpoint to be able to keep the expen- wafcr Further; this advantage is obtained without adverse 

sive equipment in continued use so as to increase the effect Qn the clean envirorim ent required in CVD apparatus, 

throughput. At the same time, the wafer cooling technique 60 

employed must be compatible with the environment of the BRIEF DESCRIPTION OF THE DRAWINGS 
CVD processing apparatus so as not to adversely affect 

stringent cleanliness requirements. Also, the cost of the FIG. 1 is a perspective, somewhat schematic view of a 

technique must itself be sufficiently moderate so that there is wafer handling station and adjacent portions of a CVD 

a net reduction in the per-wafer cost. 65 apparatus. 

Accordingly, it is an object of this invention to provide an FIG. 2 is a cross-sectional view of the wafer handling 

improved system for quickly cooling wafer-like substrates to chamber and wafer input or output chambers. 
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FIG. 3 is an exploded perspective view of an upper for the upper cooling station. This includes a lower show- 

showerhead of the cooling station of the invention. erhead base 60 having a centrally located gas inlet 62 

FIG. 4 is an exploded perspective view of a lower connected to a conduit 64 which, in turn, is connected to the 

showerhead of the cooling station of the invention. same gas source (not shown) as the upper showerhead 

FIG. 5 is a schematic, cross-sectional view of the cooling 5 assembly. A disc-shaped lower showerhead 66 is clamped to 

station of the invention in operation. the lower showerhead base by suitable fasteners (not shown) 

„.„„ , , , . , , , . with the O-rings clamped between the two components to 

FIGS 6a, 6b and 6c are side cross-sectional, somewhat disc S shap e d P gas manifold formed between the 

schematic views of one form of a wafer handler which can ^ and f & m * B ^ te outlet holes 70 

be used with the cooling stations of the invention. , , ... , , °, , , . 

. ° . .10 openmg to the handhng chamber are shown formed m the 

FIG. 7 is a graph indicating the rate at which a wafer is ]ower showerhead equaUy spaced radially and circumferen- 

cooled by unassisted prior art convection cooling and by tiM &om , he falet 62 in the lower base xhe ring of 

cooling while being supported by a pick-up wand utilizing holes fa Qn a smal]er diameter than that for the upper 

gas for that purpose. assembly 50 so that the holes 70 are radially offset from the 

FIG. 8 is a graph illustrating the time to cool a wafer on 15 holes 5 g b _ Als0) the holes 70 an d 58b of the two assemblies 

a prior art pick-up wand in comparison to cooling in a are circumferentially offset so that these holes are spaced 

cooling station of the invention. a b ou t 60°. 

FIGS. 9a, 9b and 9c are side cross-sectional, somewhat Additionally shown in FIG. 4, as well as in FIGS. 1 and 

schematic views of a variation of wafer handles of FIG. 6. 2 , are three quartz pins 74 for supporting a wafer 68 

DETAILED DESCRIPTION OF A PREFERRED 20 positioned in the cooling station. Each pin includes a gen- 

EMBODIMENT erallv cylindrical base 74a that fits into a socket in a lower 

r, * ■ r-r^o •. , , . ... . . , .. shelf 22c forming the cooling station floor with a larger 

Referring to FIGS 1 and 2, there is illustrated a portion lindrical ^74^ engaging the she if and ^ an upper 

of a chemical vapor deposition apparatus, including a sche- tf J4c ^ ^ preferably has a rounded or hemispherical 

matically illustrated automatic or robotic wafer handler 20 2S ^ ^ &s (o haye misximmn mtlc| with the wafer . ^ 

centrally positioned within a handhng chamber 2X The ff fc d & from ^ bottom waU ^ of , he 

chamber upper wall 22a is schematically shown in FIG. 2 handlj SQ ^ wafer , ifti dements of the 

but is not shown in FIG. 1 so as to illustrate internal band]er B 20 ^ be suitabl ali d with the cooli station . 

components in the chamber. The handling chamber is con- . , . 

nected to load/unload chambers 120 by way of a load/unload 30 shown m FIG. 1 as part of the coohng station control 
port 42. FIG. 1 illustrates a separate load chamber and a » a sensor 76 mounted in the floor 22d of the 
separate unload chamber. FIG. 2 shows a single one of those chamber The sensor is located below the area that 
chambers. Many systems utilize a single chamber from an ed 8 e of wafer 68 } a lhe coolm S statlon 4 U 6 extends over 
which a wafer is withdrawn for processing and is then the sensor s0 that . the sensor can sense the presence or 
returned after processing. Either may be referred to as a 35 absence of a wafer m the coolln g statlon " 
storage area. The handling chamber 22 is further connected FIG. 5 schematically illustrates the cooling station 
to a processing chamber 122, schematically illustrated in wherein it can be seen that the upper showerhead assembly 
FIG. 1, by way of a processing port 44 through a sidewall 50 is located adjacent the upper wall 22a of the handhng 
226 of the handling chamber. Gates or valves are normally chamber and the lower showerhead assembly 52 is sup- 
provided for the load/unload port and the processing port, 40 ported on the shelf 22c. The wafer 68 is shown positioned 
but these are not shown for purposes of simplicity. between the two showerhead assemblies on the wafer sup- 
In accordance with the invention, there is provided a Ports 74. As can be seen, the showerhead assemblies are 
wafer cooling station 46 in one portion of the wafer handling smaller m diameter than the wafer so as not to extend over 
chamber 22 adjacent the process chamber 122. Further, a the sensor 76 and so as not to interfere with rotation of the 
second cooling station 48 is located on the other side of the 45 b andler 20 - A* indicated by the arrows, coolmg gas is jetted 
wafer handling chamber adjacent the wall leading to the downwardly onto the upper surface of the wafer and 
process chamber. Each cooling station is sized to receive in upwardly onto the lower surface of the wafer, 
a horizontal position one wafer, and the cooling station is Referring to FIGS. 6a, 6b and 6c, there is schematically 
open to the area of the handling chamber in which the wafer illustrated one form of a wafer handler 20. Various systems 
handler is positioned so that wafers may moved into and out 50 are known for handling wafers within semiconductor pro- 
of the cooling stations by the handler. cessing systems. One type of pick-up device is that known 
Each cooling station includes an upper showerhead as a Bernoulli wand which utilizes jets of gas downward 
assembly 50 spaced above a lower showerhead assembly 52, &om the wand toward the wafer that then flow radially 
as seen in FIGS. 1 and 2. Referring to FIG. 3, the upper outward to create a region of lower pressure between the 
showerhead assembly includes a disc-shaped base 53 having 55 wafer and the wand ' thereb y llftm S lt " The BernouUl wand 
a centrally located gas inlet 54 which is connected to an inlet advantageously avoids contact with the wafer, except, 
conduit 55, which, in turn, is connected to a suitable source perhaps, at one or more small edge locators. One type of 
ofgas(notshown).Adisc-shapedshowerhead56isclamped Bernoulli wand is shown in U.S. Pat. No. 5,080,549 to 
to the base with suitable fasteners (not shown). An O-ring 57 Goodwin, et al, which is incorporated herein by reference, 
fits between the base and the head to form a flat circular 50 Another type of wafer pick-up wand utilizes a vacuum 
manifold space. A second O-ring 59 fits between these force and, thus, must be in intimate contact with the wafer, 
components around a belt ring. There is a plurality of gas U.S. Pat. No. 4,566,726 to Corentti, et al. discusses a 
outlet holes formed in the showerhead, one hole 58a in the combination of Bernoulli and vacuum pick-up devices, 
center and three others 58£> equally spaced radially and A third type of wafer pick-up device is a simple paddle 
circumferentially with respect to the center. 65 which lifts and supports wafers from underneath. Such a 
Referring to FIG. 4, it may be seen that the lower paddle is illustrated in U.S. Pat. No. 4,951,601 to Maydan, 
showerhead assembly 52 has a construction similar to that et al. That patent also illustrates a typical movement device 



6,073,366 

5 6 

for translating wafers from location to location within pro- The above description of a wafer handler is only showing 
cessing systems. The wafer handler is capable of linear linear motion between a wafer storage area and a process 
retraction and extension, as well as rotation about an axis. chamber. However, with a suitable motor and drive system 
U.S. Pat. No. 5,135,349 to Lorenz, et al., discloses a (not shown), the entire wafer handler can be rotated about a 
robotic handling system using two paddle-type pick-ups s vertical axis in either direction to provide rotational as well 
mounted on a common rotating base. Both pick-ups are as linear motion. The details of the linear drive system are 

disclosed in the above-referenced pending patent applica- 
tion. Also, the details regarding a rotational system, as well 
as additional details regarding the linear one, are available 
from Cybeq Systems Inc. of Menlo Park, Calif. Other 
suitable drive arrangements are apparent to those with skill 
in this particular art and are described in the above- 
mentioned patents. 
With a rotating wafer handler the pick-up arms 24 and 26 
5 may be mounted to be moved in the same retracting and 
extending directions in the guideway 36. Such an alternative 
arrangement is shown in FIGS. 9a, 9b, and 9c. In FIG. 9a, 
the paddle pick-up arm 26 is shown having moved to the left 
to pick-up a wafer, as in FIG. 6a. The arm 24 however is 
0 shown in FIGS. 9a and 9b with its carrier 34 located on the 
right side of the handler. In FIG. 9b, the arm 26 has been 
retracted so that the paddle 39 and the wafer 68 are beneath 
the wand 30 so that the wafer can be transferred. The handler 
can then be rotated to be aligned with the process chamber. 
5 FIG. 9c shows the handler rotated with the carrier 34 having 
moved over the carrier 41, and the arm 24 extending the 
wafer into the process chamber. 

The wafer handlers 20 described above are particularly 
useful with the cooling station of the invention because the 
o Bernoulli wand can elevate and transport a wafer out of the 
process chamber while it is still hot. The wafer is, however, 
too hot to transfer directly to a load/unload chamber 120. 
Instead, the wafer handler is rotated a small distance so that 
the Bernoulli wand is aligned with one of the cooling 
5 stations. The Bernoulli wand is then extended to place the 
hot wafer onto the pins 74 in the cooling station 46. 

While the first wafer is being cooled, a second wafer may 
be positioned into the process chamber. This second wafer 
may be retrieved from the cassette 124 by the paddle and 



adapted to extend linearly away from one another to speed 
handling of wafers within the processing system. The 
paddles are augmented with a vacuum generated through a 
plurality of holes in an end effector portion of each paddle; 
the vacuum being transmitted along a channel within the 
paddle. 

While any of these various wafer handling systems can be 
modified or adapted for use with the cooling station concept 
of the present invention, FIGS. 6a, 6b and 6c, disclose a 
desirable handler which provides both a Bernoulli wand and 
a paddle. A complete description of such an arrangement is 
disclosed in U.S. patent application Ser. No. 08/784,711 
filed Jan. 16, 1997, which is incorporated herein by refer- 
ence. The figures illustrate a typical sequence of movement 
of pick-up arms 24 and 26 of the wafer handling assembly 
20. As mentioned above, the handling chamber is attached to 
a load/unload chamber 120 on one end, and a processing 
chamber 122 on an opposite end. The ports 42 and 44 on 
opposite ends of the handling chamber are aligned with 
similarly sized ports in the load and unload processing 
chambers 120 and 122, respectively. A cartridge or cassette 
124 is positioned within the load/unload chamber 120, and 
is adjustable in a vertical direction to align a particular wafer 
with the port 42. A controlling computer (not shown) pro- 
vides instructions to motors and pulleys (not shown) to 
cause the pick-up arms 24 and 26 to translate along a 
guideway 36. 

In a first motion, as seen in FIG. 6a, the pick-up arm 26 
translates toward the chamber 120 in a left direction, as 
indicated by the arrow 126. A paddle 39 extends through the 
port 42 and beneath a wafer in the cassette 124. As 
mentioned, the cassette may be vertically movable or the 
; 39 may be independently vertically movable to 



extend underneath the wafer without contact therewith, and 40 transferred to the Bernoulli wand, or the second wafer may 
then undergo relative vertical motion to lift the wafer from have been positioned into the second cooling station 48 
the cassette. while the first wafer was being processed. In that case, the 

In FIG. 6b, the arrow 128 indicates the movement of the handler only has to be rotated a short distance (about 100°) 
pick-up arm 26 into a position which places the wafer 68 from the first cooling station 46 to align the wand with the 
directly beneath the wand 30. Gas flow to the wand is then 45 second cooling station 48 to withdraw the second wafer, and 
initiated through the extension hose 72 to enable transfer of then rotate back (about 50°) to the position where the second 
the wafer 68 from the paddle 39 to the wand 30. wafer can be inserted into the process chamber. The second 

After the wafer 68 has been lifted by the Bernoulli wand cooling station 48 in that situation is serving as a staging 
30, the pick-up arm 24 translates toward the chamber 122 to 
the right, as indicated by the arrow 130 in FIG. 6c, to insert 5 
the wand 30 and wafer 68 into the processing chamber 122. 
In the arrangement shown, the processing chamber 122 is 
suitable for CVD and includes a rotatable susceptor 132 
upon which the wafer 68 is placed. By stopping the flow of 
gas through the extension hose 72 and Bernoulli wand 30, 5 
the wafer 68 is dropped on the susceptor 132. 

An advantage of the use of a paddle and a Bernoulli wand 
is that the paddle has a sufficiently thin profile to fit between 
wafers in a standard cassette to remove or insert wafers 
therein. The Bernoulli wand is somewhat thicker than the 6 
paddle, such that it normally requires specially designed 
cassettes, which adds to the expense of a system. However, 
the Bernoulli wand is particularly well-suited for transfer- 
ring wafers into and out of a process chamber since it can 

easily withstand high temperatures and does not physically 65 invention. FIG. 7 in the upper line of the graph indicates a 
touch the wafer, except along one edge by one or more stops prior art cooling curve for a wafer that is simply cooled by 
that help locate or position the wafer. convection without forced gas flow over the wafer surface 



. After the second wafer has been placed into the process 
chamber, the first wafer can be removed from the first 
cooling station and returned to the storage area 120 assum- 
ing it has been adequately cooled by then. Immediately after 
placing a processed wafer into the storage area, a third wafer 
can be withdrawn from the cassette 124 and moved to one 
of the cooling/staging stations to await its turn to be placed 
in the process chamber. From the foregoing, it can be 
appreciated that great flexibility is provided in the handling 
of the wafers so that the wafers can be moved in various 
sequences to fit with the temperatures and times of the 
processes being used by the system and with the time 
required to cool the particular wafers to the temperature 
desired before returning the wafer to the standard cassette. 

Refer now to FIGS. 7 and 8 to gain a better appreciation 
for the cooling obtained from initial experimental uses of the 
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other than slight purge gas flow through a chamber. As seen, wafer handler only has to rotate to be aligned with the 

a wafer which was at slightly more than 600° C. initially second cooling station so as to allow the Bernoulli wand to 

cools to a temperature of 400° C. in about 12 or 13 seconds. lift and place a second wafer in the process chamber. When 

However, the temperature does not drop to 200° C. until the first wafer has been adequately cooled, the wafer handler 

about 80 seconds from the initial starting point. Further, s may be rotated so that the paddle is aligned with the cooling 

even after close to 120 seconds the temperature is still about station to withdraw the cooled wafer. The wafer handler can 

160° C, at which temperature it is still necessary to use an then be rotatet j s0 that the paddle 26 is aligned with the 

expensive cassette. cassette and the paddle is utilized to place the cooled wafer 

The lower curve in FIG. 7 indicates the condition in which m t 0 the cassette, 

a Bernoulli wand is utilized to lift a hot wafer and move it M The , ime t0 ick a hot wafer> take it t0 the cooling 

into the handling chamber with the wafer being cooled by ick a wafer from the staging station and 

the gas flowing out of the Bernoulli wand. This is the lace it in the ^ chamber, retract the wand, and close 

conventional prior art situation for handling a wafer with a , he ^ chamber gat£ is about 33 ^ time 

Bernoulli wand. As may be seen, the temperature drops ired under [he M tem for tha( se(pmcf) was about 

quickly to about 300° C. after about 12 seconds, which is 15 douWe tha[; no , countirlg cooHng time . That ^ the time 

much faster than the wafer simply cooled by convection sayin sim j b having , he cooling stations for staging 

without appreciable gas flow. Further, the temperature has Further> it would take aboul another 45 sccoais under the 

dropped to 200 C. after about 20 seconds, and dropped to M m tQ CQol [he wafer tQ be able tQ lace it ^ a low 

100° C. after 40 seconds. It then takes almost an additional CQSt cassette . 

60 seconds to lower the temperature to about the desired, 60° 2 o r- . '. ■, j- .u . . j .• t,u 

C. at which temperature it may be received in a commonly F » rther detalls "garfing the struc ure and operation of the 

available relatively low-cost cassette. While the wafer is coohn S stations will enable a better understanding and 

being cooled on the Bernoulli wand, neither it nor the W^ciation of the invention. In * Prototype of the system, 

process chamber can, of course, be utilized for another th f e « n ^^, e 58« of the upper showerhead has a diameter 

wafer. Further, while the wafer could be transferred from the 25 ° f ab ° ut °° 16 and tb * SU "°Z«u ^ 

wand to the paddle to save some handling time, it would then has a ^meter of about 0.026 inch. The three holes 70 m the 

no longer be receiving the cooling gas expelled by the showerhead has a diameter of about 0.028 mch^These 

Bernoulli wand so thafgreater time would be required. h f* are designed to produce a flow rate of about 20 liters 

„ . . . T r . t-t^ o v.- u °f nitrogen per minute at a pressure of 20 psi from each 

By contest to the foregoing refer to FIG 8 which showerhead That k bolh the surface and lower 

illustrates the grea ly improved station obtained from the 3 0 surface of ^ wafcr receives al tfae rate of about 2fJ hters 

coolmg stations of the invention. The graph shows a hot ef jj^^g 

wafer being removed from the chamber at a temperature of " _ ! , . . 

close to 900° C. by the use of the Bernoulli wand. The ^ ° utI * hol f ln the showerheads that are spaced 
temperature has dropped to about 400° C. by the time the outwardly from the center are about 120 degrees apart. 
Bernoulli wand has been retracted to the handling chamber, 35 outlets from one of the showerheads are 
the wafer handler rotated to align the wand with a cooling sta &S ered ™ th ™P ect to tbe ° ther > so * at 85 a t0 ' al ; there 
station, and the wand extended to place the hot wafer in the 15 a 8 as ^ about ™ry 60 degrees. The upper holes are 
cooling station. This takes approximately 9 seconds in the °, n a ™g h ™ n Z a lar S er diamet " than J he lower ^5; 
example illustrated and the temperature of the wafer has Hen «' ^ holes are al f° f* L ™? arrangement 
dropped by then from 900° C. to 400° C, which is consistent 40 P rovldes a more even dls P™ of the S 35 flow 
with the wand gas cooling of FIG. 7. The upper line cooling gas employed is conveniently the same gas 
continuing from that point, as shown on the graph of FIG. 8, utilized for the Bernoulli wand, typically nitrogen or hydro- 
shows the cooling if the wafer is simply left on the Bernoulli S e °- Hence > il ca n come from the same source. Further, after 
wand as described above in connection with FIG. 7. The cooling gas flows across the wafer, it simply flows into the 
lower curve in FIG. 8 shows the reduction in temperature of 45 handling chamber and is withdrawn from the handling 
the wafer placed in the cooling station. As can be seen, the chamber by the same system normally employed i" - 



temperature of the wafer drops another 200° C. to about handling chamber connection utilizing a BernoulU wand. 

100° C. after only 3 seconds in the cooling station. Further, Advantageously, the cooling time can be simply con- 

the temperature is down to about 100° C. in another 5 or 6 trolled by the gas flow rate. The object, as indicated above, 

seconds, only 17 or 18 seconds from the time the wafer is 50 is to get the temperature of the wafer down to about 60° C. 

lifted by the Bernoulli wand in the process chamber. Further before the robot paddle is utilized to pick up the wafer and 

the wafer temperature has dropped to the 60° C. level after transfer it to the low-cost cassette in the storage area. The 

approximately 24 seconds from the beginning. This is in time required to cool an 8 inch wafer with a flow rate of 20 

contrast to the temperature not dropping to that level remain- liters per minute from each of the showerheads was about 20 

ing on the Bernoulli wand until after over 100 seconds from 55 seconds in a experimental system. Doubling the flow rate to 

the beginning, and much longer if only on a paddle. Thus, it aboul 40 liters per minute out of both showerheads reduced 

can be seen that there is a very dramatic reduction in the time the cooling time down to about 12 seconds. Flowing cooling 

required to adequately cool the wafer before it can be placed gas only through the top showerhead cooled the wafer to the 

in the low-cost cassette. desired level in about 35 seconds. 

In addition, as explained above, the wafer handler is 60 The distance between the plane defined by the tops of the 

available to place a second wafer into the chamber as soon three support pins and the upper showerhead can be slightly 

as the first wafer has been placed into the cooling station, greater than the distance between that plane and the lower 

which in the example indicated by the graphs in FIG. 8, head because the wand is slightly thicker than the paddle, 

would be after about 9 seconds from the time the wafer has Spacing and gas flow may, of course, be varied to fit the 

been lifted in the process chamber. If a second wafer has 65 given situation. In a prototype, the distance between the 

been placed into the second cooling station utilizing it as a showerheads was about 1.125 inch, with the spacing from 

staging area while the first wafer is being processed, the the wafer to the lower showerhead being only about 0.2 inch. 
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Based on the foregoing, it will be appreciated that the 
substrate cooling system of the invention has great flexibility 
such that many of the substrate handling sequel 
varied to fit a particular process cycle, with the m 
being that the process chamber can be placed ir 



a second substrate while a first one is being cooled. While 
particular type of wafer handler has been described, a variety 
of wafer handlers may be employed. Likewise, while a 
particular cooling station has been described, various other 
cooling stations may be employed. Although gas is utilized 1Q 
to cool the wafer, possibly other cooling mechanisms may be 
employed. While the invention is useful with a single 
cooling station, two cooling stations provide additional 
flexibility, and it is possible that an additional cooling station 
could be provided if desired. While a single process chamber 
has been illustrated and discussed, a so-called cluster system 15 
could be employed wherein additional process chambers 
may be clustered around the wafer handler. With the 
arrangement shown at least two additional chambers could 
be provided. Other variations of the invention may also be 
contemplated and, hence, it is intended that the scope of the 20 
invention not be limited to that illustrated. 
What is claimed is: 

1. An apparatus for cooling a substrate after a high 
temperature processing comprising: 

a substrate handling chamber having a port through which 
a substrate may be moved to and from a storage area 
into a handling chamber, and having a port through 
which the substrate may be moved from the handling 
chamber into or out of a high temperature processing 3Q 
chamber; 

an automatic substrate handler in the handling chamber 
for transporting a substrate to and from the storage area 
into and out of the process chamber; and 

a cooling station in which a processed substrate may be 35 
moved by said handler to be cooled before being 
returned to the storage area, said station being located 
in a section of the handling chamber out of the path of 
the handler movement to enable a second substrate to 
be withdrawn from the storage area by the handler and 40 
placed in the process chamber while the first substrate 
is being cooled in the cooling station. 

2. The apparatus of claim 1, wherein said cooling station 
includes upper and lower gas showerheads spaced from each 
other, and including supports for supporting a substrate 45 
between the showerheads and spaced from the showerheads, 
each of said showerheads being adapted to be connected to 

a source of cooling gas to enable cooling gas to be projected 
through openings in said showerheads onto the upper and 
lower surface of a substrate to cool the substrate. 

3. The apparatus of claim 1, including a second cooling 
station accessible by the handler but located out of the path 
of the handler movement to enable the wafer handler to 
move a substrate from the storage area to the process 55 
chamber while a substrate is in said second cooling station. 

4. The apparatus of claim 3, wherein said cooling stations 
are located one on each side of the port leading to the process 
chamber. 

5. The apparatus of claim 4, wherein the cooling stations 60 
are positioned about 100 degrees apart such that the wafer 
handler only needs to be rotated about 50 degrees from the 
process chamber port to alignment with one of the cooling 
stations. 65 

6. The apparatus of claim 1, wherein said wafer handler 
includes a paddle for withdrawing a wafer from the storage 



area or placing a wafer into the storage cassette and includes 
a Bernoulli wand for lifting a substrate from above said 
paddle and said wand being movable and arranged so that a 
substrate may be transferred from the paddle to the Bernoulli 
5 wand or from the Bernoulli wand to the paddle, said paddle 



being sized such that it can fit between substrates stored in 
commonly available cassettes; and said process chamber 
port and said cooling station being constructed such that 
substrates may be moved into and out of said process 
chamber and into and out of said cooling station by said 
Bernoulli wand. 

7. An apparatus for cooling a wafer substrate comprising: 
first and second shower heads spaced from each other and 

oriented towards each other so that fluid sprayed from 
the heads is sprayed towards each other; and 
a support for supporting said substrate between said 
shower heads, said support being configured to cause 
fluid from said shower heads to spray onto opposite flat 
sides of said substrate. 

8. Amethod of cooling substrates that have been subjected 
to high temperature processing, comprising: 

providing a substrate handler capable of transporting 
substrates into and out of a high temperature process 
chamber; 

withdrawing a hot substrate from the process chamber 
with said substrate handler and transporting said hot 
substrate into a cooling station accessible by the han- 
dler; and 

inserting a second substrate into the process chamber with 
said handler while the first mentioned substrate is 
cooling in the cooling station. 

9. An apparatus for cooling a substrate after a high 
temperature processing comprising: 

a substrate handling chamber having a port through which 
a substrate may be moved to and from a storage area 
into a handling chamber, and having a port through 
which the substrate may be moved from the handling 
chamber into or out of a high temperature processing 



>r transporting a substrate 
* it of the process 



an automatic substrate handler fc 
to and from the storage a: 
chamber; and 

a cooling station in which a processed substrate may be 
moved by said handler to be cooled before being 
returned to the storage area, said station being located 
out of the path of the handler movement to enable a 
second substrate to be withdrawn from the storage area 
by the handler and placed in the process chamber while 
the first substrate is being cooled, said cooling station 
including upper and lower gas showerheads spaced 
from each other, and including a support for supporting 
a substrate between the shower heads and spaced from 
the showerheads, each of said shower heads being 
adapted to be connected to a source of cooling gas to 
enable cooling gas to be projected through openings in 
said shower heads onto the upper and lower surface of 
a substrate to cool the substrate. 

10. An apparatus for cooling a substrate after a high 
temperature processing comprising: 

a substrate handling chamber having a port through which 
a substrate may be moved to and from a storage area 
into a handling chamber, and having a port through 
which the substrate may be moved from the handling 
chamber into or out of a high temperature processing 
chamber; 
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an automatic substrate handler for transporting a substrate 
to and from the storage area into and out of the process 
chamber; 

a cooling station in which a processed substrate may be 
moved by said handler to be cooled before being 5 
returned to the storage area, said station being located 
out of the path of the handler movement to enable a 
second substrate to be withdrawn from the storage area 
by the handler and placed in the process chamber while 
the first substrate is being cooled; and a second cooling 10 
station accessible by the handler but located out of the 
path of the handler movement to enable the wafer 
handler to move a substrate from the storage area to the 
process chamber while a substrate is in said second 
cooling station. ^ 

11. The apparatus of claim 10, wherein said cooling 
stations are located one on each side of the port leading to 
the process chamber. 

12. The apparatus of claim 11, wherein the cooling 2Q 
stations are positioned about 100° apart such that the wafer 
handler only needs to be rotated about 50° from the process 
chamber port to alignment with one of the cooling stations. 



13. A method of cooling a thin, hot substrate that has been 
subjected to high temperatures in a chamber, comprising the 
steps of: 

removing the hot substrate from the chamber with a 
substrate handler; 

moving the handler and the hot substrate to a position 
between upper and lower showerheads; 

depositing the hot substrate on spaced supports config- 
ured to position the substrate between and spaced from 
the showerheads; 

withdrawing the handler from between the showerheads 
leaving the substrate on the supports; and 

spraying gaseous coolant from the showerheads onto 
generally flat upper and lower surfaces of the substrate. 

14. The method of claim 13 wherein said removing, 
moving, and depositing steps are performed with a Bernoulli 
wand which is positioned above the hot substrate and lifts 
the substrate without contacting said upper and lower sur- 
faces of the substrate. 



